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Amphibious Vehicle 

The present invention relates to an amphibious vehicle. 

Amphibious vehicles capable of powered travel on both land and water are known. In order to 
in5)rove the performance of amphibious vehicles on water, various systems have been developed 
to allowthe wheels to be retracted above the water line when the vehicleis water-borne. Sucha 
system is known, for example, from the applicants' International patent application WO95/23074, 
which describes an apparatus that enables an axle-driven wheel to move between aprotracted 
position, ia which it has a substantially horizontal axis of rotation for support of the vehicle on land, 
andaretractedposition, in which the axis ofrotationof the wheel is at an angle greater than 45 
degrees to the horizontal. 

In atypical known retractable wheel arrangement, the wheel is mounted to the body of the vehicle 
by means of one or more suspension linkages which are configured to allow the wheel to move 
between the protracted andretractedpositions.NoiinaUy an actuator, suchahydra^ 
will be operatively comiectedto one of the suspension linkages to move the wheel between the 
protracted and retracted positions. Also connected to one of the suspension linkages is a 
suspension means comprising springing and damping means for absorbing road shocks when the 
vehicle is used on land. Various types of suspension means have been proposed for use with the 
knownretractable wheel apparatus, such as: coil spring andhydraulic damper stmts, torsion bar 
and damper systems, and hydropnemnatic suspension xmits. 

A drawback withknownretracting wheel arrangements is that the design of the suspensionmeans 
may have to be compromised in order to allow the wheel to be retracted. For example, it may be 
necessary to design the suspension means so that it can be fully compressed when the wheel 
retracts or it may benecessaiy to alter the sizes and shapes of components to enable fiillretraction 
of the wheel to takeplace. As aresul^ itmaybe diflScult and time consuming to tune the suspension 
characteristics of the vehicle for land use. For example, uscts of the vehicle will expectride comfort 
characteristics on land which are comparable to those of a conventional land basedmotor vehicle. 
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Afiirflier dravrtjack of somelmowQi?^ 

to accommodate movement of the suspensioixmeaas as the wheel moves between its protracted 
and retracted positions. US 4,958,584, for example, describes an amphibious vehicle having a 
wheelretraction anrangement in wMch the wheel is attached to the vehiclebodyusraga^^^ 
type suspension, A suspension means in the form of a stmt having a coil spring located about a 
telescopic hydraulic damper is connected between an upper wishbone and part of the wheel 
retraction system. To move the wheel to theretractedposition, the upper end of the strut is drawn 
inwardly. This arrangementtakesup aconsiderable amountof space inacentral area ofthe vehicle 
making it unsuitable for use with acompact amphibious vehicle. The problem is most acute where 
the engine and transmission aremountedbetween apair of retractable road wheels, as there is little 
space available into which the stmts for those wheels can be drawn. 

It is an object ofthe invention to provide an amphibious vehicle having a retractable wheel 
arrangement in which the characteristics ofthe suspensionmeans can be more easily optimised for 
road use. 

It is a further obj ect ofthe invention to provide an amphibious vehicle having aretractable wheel 
anmg€mentinwhichlessq)ace is required to allowmovementofthewheelbetween its protracted 
and retracted positions. 

It is yetaftuiher object ofthe invention to provide an ampMbiousveMclehav^ 
arrangement where the suspension spring does not have to b e compressed in ordCT to retract the 
suspension. 

In accordance with the invention, there is provided an amphibious vehicle having a wheel mounted 
to abody ofthe vehicle so as to be movable from aprotractedposition, for use ofthe vehicle on 
land, to a retracted position, in which the wheel is stowed for use of the vehicle on water, the 
vehicle further comprising a suspensionmeans to absorb shocks &om the wheel during land use and 
a retraction means for moving the wheel between the protracted and retracted positions, 
characterised in that the suspensionmeans canbe operatively disconnected fromthe wheel when 



P01826UK 20030724 SpffiAsFiled.wpd 

the wheel is to be retracted. 
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Because the suspension means canbe operatively disconnected from the wheel, the suspension 
means can be tuned to provide optimum road or land use characteristics without having to 
compromise the design to enable the wheel to be retracted. Furthermore, because the suspension 
5 means is disconnectedfromthe wheel,it canremaininits landuseposition when tihe wheel is 
relracted, elirnitiatingflieneedto allow space to accommodate movement of the suspensionmeans 
as the wheel is retracted. 

Preferably, the retraction means canbe operatively disconnected from the \viieel when the wheel 
is in the protracted position. 

10 In aparticularly preferred embodiment, the wheelismountedto the body of the vehicle by means 
of one or more suspension linkages and the vehicle fiirther comprises suspension disconnect 
apparatus for operatively connecting the suspensionmeans to, or operatively disconnecting the 
suspension means from, one of liie suspension linkages. 

Preferably, the susfpension means is operatively connected to one end of a suspension lever arm, 
15 the other end of the suspension lever arm being operatively connectable to said one of the 
suspension linkages by the suspension disconnect apparatus. 

Preferably, the said one of the suspension linkages and the retraction lever arin are mounted to the 
vehicle body forpivotalmovement relative to Ihebody about an axis andfhe suspension disconnect 
apparatus comprises means movable between a first position, in which the said one of the 
20 suspension linkages and the suspension lever ann are locked so as to pivot together about the axis, 
and a second po sition, in which the said one of the suspension linkages and the suspension lever 
arm are free to pivot about the axis relative to one another. 

In one preferred embodiment, the suspension disconnect apparatus comprises abore in one of the 
25 said one of the suspension linkages or the suspension lever aim, the bore having anumber ofball 
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receiving tracks formed over apart of its lengthi, a shaft slidably mounted to the other of the said 
oneof the suspension linkages or the suspension lever arm, the shaft projectuig into the bore and 
having aknuclde about which are mounted a plurality ofballs, the shaftbeingmovable from afirst 
position in which the balls are engaged in the tracks to lockthe said one of the suspension linkages 
5 and the suspension lever arm together for pivotal movement about the axis and a secondposition 
ia which the baUs are not engaged in the tracks and the saidoneofthesuspe^^ 
other end of the suspension lever arm are free to pivot about the axis relative to one another 

Preferably, the suspension disconnect apparatus comprises an actuator, whichmaybe anhydraulic 
actuator, to move the shaft between the first and second positions. 

10 In an alternative embodiment, the said one of the suspension linkages and the suspension lever arm 
have adjacent drive portions and the suspension discoimect apparatus ftulher comprises a sleeve 
having drive means for cooperation with corresponding drive nieans on the drive portions, the 
sleeve beingmovable from a firstpositionin which it is in driving cooperation withboth of the drive 
portions to lockliie said one of the suspension linkages and the suspension lever arm together for 

15 pivotalmovement abouttheaxis, andasecondpositioninwhichitisindrivingcooperationwith 
only one of the drive portions such that the linkage and the arm are free to pivot about the axis 
relative to one another. 

Preferably, the sleeve is internaUy splined for engagement \^ 

driveportions. Alternatively, abore of flie sleeve mayhave anon-drcular cross section for driving 
20 engagement with correq)ondingly shaped profiles on the drive portions. 

Preferably, the suspension disconnect apparatus comprises an actuator, whichmaybe anhydraulic 
actuator, to move the sleeve between the first and second positions. 

In ayet ftirther preferred embodiment, the said one of the suspension linkages and the suspension 
lever arm have corresponding drive teeth and the susperisionlever arm ismovableb 
25 positionrnwMchthedriveteethareengagedsoastolockthesaidoneofthesuspensionlinka 
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and thesuspeosionlever am together forpivoMmove^ 

in which the drive teeth are disengaged such that the said one of the suspension linkages and the 
suspension lever aim are free to pivot ahout the axis relative to one another. 

Preferably, the suspension disconnect apparatus comprise^ an actuator, whichmaybe ahydraulic 
5 actuator, to move the suspension lever arm between the jSrst and second positions. 

Preferably, the vehicle fiirfher comprises aretraction disconnect apparatus for operatively coimecting 

theretractionmeansto,oroperativelydisconnectmgtheietractionmeai^ 
linkages. 



Preferably, the retraction means comprises aretraction actuator operatively connected to one end 
1 0 of aretraction lever arm, the other end of the retraction lever arm being coimectable to said one of 
the suspension linkages through the retraction disconnect apparatus. 

Preferably, the said oneof the suspension linkages andtheretractionlever arm aremountedto the 
veWclebodyforpivotalmovemeutielativeto the vduclebody about an axis, theietra^ 
apparatus comprising means for lockingthe said one of the suspension linkages and the retraction 
15 lever arm together for pivotal movement about the axis. 

Advantageously, the retraction disconnect apparatus comprises a pneumatic clutch. 

In one preferred embodiment, the clutch connects the said one of the suspension linkages and the 
retraction lever arm such that when the clutchis engaged the said one of the suspension linkages and 
the retraction lever arm are locked together for pivotal movement about the axis and that when tbe 
20 clutch is disengaged, the said one ofthe suspension linkages andtheretractionleverarmarefreeto 
rotate about the axis relative to one anotiher. 

In an alternative embodiment, the said one ofthe suspension linkages is lotationally fast with a shaft, 
the pneimiatic clutch having a first component which is also rotationally fast with the shaft and a 
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second(X)mponentattachedso astoberolati 

adapted such lhatwhen it is engaged the &st and second comp arerotationallyfestso as to 
lock the said one of the suspension linkages and the retraction lever arm together for pivotal 
naiovement about the axis. 

5 Preferably, the wheel is connected to the vehicle bodyby an upper suspension Unkage and alower 
suspension linkage. 

Preferably, the suspension means is connectable to the upper suspension Unkage. Alternatively, the 
suspension means is connectable to the lower suspension linkage. 

Preferably, the retraction means is connectable to the lower suspension linkage. 

10 Preferably, the suspensionmeans comprises astruthaving a coil springmounted about atelescopic 
hydrauhc damper. 

Preferably, the retraction means comprises a double acting fluid ram. Alternatively, the retraction 
means may be in the from of a electrically driven ram. 

Several embodiments of an amphibious vehicle in accordance with the invention will now be 
1 5 described, by way of example only, with reference to the following drawings in which: 

Figures lA, IB and IC are respectively a side elevation, apian view, and a rear elevation of an 
amphibious vehicle in accordance with the invention; 

Figure 2 is aperspective, somewhat schematic view of a wheel suspension and retraction apparatus 
of the amphibious vehicle of Figures lA to IC; 

20 Figure3 is across-sectional view taken online A-A of Figure 2, showingafirst embodiment of a 
suspension discoimect apparatus of the apparatus of Figure 2; 
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Figure 4 is a view similar to that of Figure 3 but showing a second embodiment of a suspension 
disconnect apparatus of the apparatus of Figure 2; 

Figure 4A is an inset view showing in cross section a splined collar forming part of the second 
embodiment of the su^ension disconnect apparatus; 

5 Figure 5 is a view similar to tiiat of Figure 3 but showing a third embodiment of a suspension 
discomiect apparatus of the apparatus of Figure 2; 

Fignre6isacross-sectional view taken on lineB-BofFigure 2, showingaretraction disconnect 
^aratus of the wheel suspension and retraction apparatus of Figure 2; 

Figure 7 is aperspective, somewhat schematic view of a fiirther embodiment of a suspension and 
1 0 retraction apparatus of the auq)hibious vehicle of Figures 1 A to 1 C; and 

Figure 8 is a cross-sectional view taken on line C-C ofFigure 7, diowing co-axial suspension and 
retraction disconnect ^aratus of the suspension and retraction apparatus ofFigure 7. 

Referring to the drawings, in which like numerals have beenused to denote common con^onents 
throughout the several embodiment: HGS. lA, lBandlCshowthreeviewsofananq)hibious 
15 vehicle (generally indicatedby arrow l)comprisingabody2beingabuoyant vessel,havingwheels 
3 (indicatedby SPfortheprotiacted position, and 3R for the retracted position). As shown, this 
preferred OTibodimenthas four wheels; however, other configurations, such as three wheels, or 
multiple wheels, are possible. 

Thevehicleincludes amotor4orsimilarpower-sourcetoprovidepowerthroughtransmission5 to 
0 differentials 6A (fiiont) and SB (rear), eachhaving drive-outputs 7, as shown. The motor 4 also 
providespowerthroughageaibox8toamarinepropulsionunit9. Various combinations of motors, 
transmissions andpropulsionunits canbe assembled however, without change to theprinciple of the 
invention. The essential functions of this invention wouldbe suited to numerous configurations of 
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land-water amphibious vehicles* 

A wheel-retraction apparatus is generally indicated by arrow 20. 

Ihthis preferred ernbodiment, FIGS lA, IB and IC further show the drive-outputs 7 coimected to 
the drive shafts 10, these being connected to the wheels 3P and SRrespectively, which are located 
5 to fhebody 2 (at jfront and rear) by upper suspension linkages 1 1 , and lower suspension linkages 12. 
These shafts and linkages operate in an upper compartment 1 3 and a lowor compartment 1 4 for each 
of the wheels. From the thoree views ofFIG 1 it wiUbeunderstood that each wheelmayprocess fix>m 
a lower (protracted) land-support position 3P to an upper (retracted) water-bome position 3R, 
wherein each wheel is largely enclosed within its respective compartment 13. 

1 0 Figure 2, shows in more detail a j5rst embodiment of a wheel suspension and retraction apparatus 20 
for an amphibious vehicle 1 in accordance with the iuvention. The apparatus comprises awheel 
support 16 having an opening or housing 21 for recdving a constant velocity (CV) joint ofadrive 
shaft 1 0 (not shown in Figure 2) to which a wheel, shown in outline at 3 , is mounted. In the case of 
a non-driven wheel, the wheel support may be in the form of a stub axle. 

15 The wheel support is pivotablymomted to a frame of the body 2 of the vehicle (not showninFigure 
2) by means of the upper 1 1 and lower 12 suspension linkages which are arranged in a wishbone 
conjBlgurationknown inthe automotive field. The upper wishbone 1 1 is pivotably connected to an 
upper end of the wheel support 16 bymeans of anupperbaU joint 22 andispivotably connected to 
the vehicle body bymeans of upper, inboard pivots 23, 24. Similarly the lower wishbone 12 is 

20 pivotably connected to the wheel support 1 6 by means of a lower ball j oint 25 and to the vehicle 
body by means oflower, inboard pivots 26, 27. The configuration of the upper and lower wishbones 
and the pivots enables the wheel to move between a protracted position and a retracted position 
along a trajectory indicated by line X. 

A suspension means in the form of strut 28 is provided to absorb road shocks from the wheel when 
25 the vehicle is used on land. The strut 28 incorporates a coil spring, indicated schematically at 29, 
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mounted about a telescopic hydraulic damper 30, in amanner wellknown in the automotive field. An 
upper end of the strut 28 is pivotably connected to the vehicle body by means of a pivot 3 1 whilst 
the lower end of the strut is mounted to an outer end of a suspension lever ann 32 by means of a 
further pivot 33 . The inner end of the suspension lever arm 32 is comiected to the vehicle body and 
5 to one of the arms 1 1 A of the upper wishbone 1 1 through one of the inboard pivots 24 which 
connecttheupperwishbone to the vehiclebody. Apparatus, indicated generally at 34, interconnects 
the inner end 32A of the lever arm 32 and the upper wishbone 1 1 so as to permit the two to be 
operatively coimected for use of the vehicle on land or operatively disconnected when the wheel is 
to be retracted for use of the vehicle on water. 

10 Details of various embodiments of the apparatus 34, otherwise known as suspension disconnect 
apparatus, will be described inmore detail below. However, in general the suspension disconnect 
apparatus 34 is constructed such that when the lever arm 32 and the upper wishbone 1 1 are 
op eratively connected by the apparatus 3 4, torque is transmitted between the two but when the xspp er 
wishbone 1 1 and the lever arm 32 are disconnected, torque is not transnaitted between the two. 

15 The wheel suspension andretraction apparatus 20 also incliides an actuator formovingthewheel 
3 betweenits protracted andretractedpositions. In the present embodiment, the actuator is in the 
form of a double acting hydraulic ram, but other types of actuator couldbe used For example, the 
actuator 35 could be a pneumatic ram or an electrically driven ram. One end of the ram 35 is 
comiected to the vehicle body bymeansofapivot36whilst the other endoftheram35is pivotably 

20 connectedto afirst endofaretractionleverarm37, Asecondendof theretractionleverann37is 
connected to the lower wishbone 12 viaoneofflieinnerpivots 26 which connectthelowerwishbone 
to the vehicle body. In operation, the hydrauHc ram 35 can be extended or retracted to apply a 
torqueto the retractionleverarm37whichin turn appUes atorque to the lower wishbone 12 to move 
the wheel between the protracted and retracted positions. 

25 Althougji it is not essential to the invention, it is preferable if the actuator 35 can be operatively 
disconnected firomthe lower wishbone 12, andhence the wheel 3, when the vehicle is used on land. 
By disconnecting the actuator 35 in ttds way, the suspension system is isolated from the actuator when 
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ttie vehicle is lased on laud and the characteristics of the suspension system can be optimised for land 
andinparticularroaduse. Inorderthattheactuator35 canbeoperatively disconnected from the 
lowerwishbone 12, theretraction lever ann37 is connected to the lowerwishbone 12bymeansof 
apparatus, indicated generally at 3 8, which is adapted to enable the retraction lever arm 37 and the 
5 lower wishbone to be operatively connected or disconnected. An embodiment of the apparatus 38, 
which is also known as aretraction disconnect apparatus, will be described inmore detailbelow with 
reference to Figure 6. However, the apparatus 3 8 could also be constracted so as to be the same 
as or similar to the apparatus 34 for interconnecting the suspension lever arm 32 and the upper 
wishbone 11. 



10 There will now follow, with reference to Figures 3 to 5, a description of several dijfferent 
embodiments ofthe suspension disconnect apparatus 34 for interconnecting the suspension lever arm 
32 and the upper wishbone 1 1 . It will be appreciated that, as indicated above, the arrangements 
describ ed c an be readily adapted for use in the retraction disconnect app aratus 3 8 , interconnecting 
the retraction lever arm 37 with the lowerwishbone 12. There will also follow with reference to 

15 Figure 6, adescriptionof aretraction disconnect apparatus 38 for interconnectingtheretraotionlever 
arm 37 and the lower wishbone 12. It should also be ^preciatedthatthe apparatus 38 could be 
adapted for use in interconnecting the suspension lev^ arm 32 with the upper wishbone 1 1 . 

A first embodiment ofthe apparatus 34 indicated generally at 34' is shown inFigure 3 . Part ofthe 
frame of the vehicle bodyis indicated at 39. The vehicle frame is provided with two housings 40 for 
20 receiving bushes 41, 42, to which an inner end 43 of oneof the arms llA ofthe upper wishbone 1 1 
flnH fhft inner end '^^A ofthe suspension lever arm 32 are respectivelv mounted. At least one housing 
40 may be detachable from the frame 39 to facilitate assembly. 

The inner CTid 43 oftheupperwishbonearm UAprovides ahousing44haviagabhndbore45. A 
hollow circular boss 46 projects axially from the closed end ofthe housing 44 and is pivotably 
25 received in one ofthe bushes 41 . The open end ofthe bore 45 has a slightly enlarged diameter 
portion 47 onwhichis seatedabearing 48 in abutmentwithalip49 between the enlarged diameter 
portion 47 and the remainder ofthe bore 45. Thebearing48 isheldinpositiononthehousingbya 
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drclip 50. Anumber ofball receiving tracks 51 arefonnedinthebor^ 45 inwardly of the lip 49. The 
tracks 51 extendonly over apartial region of the bore 45 forreasons which wiUbe e^qplained later. 

The inner end or hub 32A of the suspension lever arm 32 has a generally "T" shaped cross section 
as shown in Figure 3 . On one axial end of the hub 32A is a first circular boss region 52 which is 
pivotably received within the other of the bushes 42 on the vehicle fiame. The opposite end of the 
hub 32Aisreceivedwithinthe housing 44 andhas asecondbossregion53, to which is mounted an 
innerrace of the bearing 48. The inner race ofthe bearing 48 is held in position on the second boss 
region in abutment with an axial face 54 on the lever arm 32 by means of a further circlip 5 5 . The 
arrangement ofthe bearing 48 and the circlips 50, 55 serves to locate the suspension lever arm 32 
and the upper wishbone 1 1 axially relative to one another, whilst permitting relative rotational 
movement between the two about the axis of rotation which is indicated at 56. 

Abore57 extends through the hub 32A. The bore hasafirstportion58whichissplined to mate with 
splines 59 founed alongpart ofthe length of ashaft 60 slidablymountedin thebore 57. The bore 57 
alsohas asecondportionof enlarged diaineterwhichis adapted to provided ahydraulic cylinder 62. 
The outer end ofthe cylinder is closed ofFby means of a cap member 63 which is in screw threaded 
engagement with the cylinder. The shaft 60 extends into the cylinder 62 and mounted to the end of 
the shaft 60 within the cylinder 62 is apiston 64. The piston 64 sealingly engages the surface ofthe 
cylinder 62 to divide the cylinder into two chambers 65, 66. A seal 67 in the cylinder 62 prevents 
hydrauUc fluid within the chamber65 fix>m entering the firstporf^ 

60. A first port 68 in the cap 63 conmaunicates with the chamber 66 on one side ofthe piston 64, 
whilst a second port 69 conrmunicates with the chamber 65 on the other side ofthe piston. 

The end ofthe shaft 60 opposite from the piston 64 extends from.the lever arm hub 32A into the 
housing 44 andhas aknuckle 70. Anumber of steel balls 71 are disposed about the knuckle 69 and 
maybe retained on the knuckle by means of a cage (not shown). With the shaft 60 in the position 
showninFigure3, the steel balls 71 are engaged inrespective tracks 51 in the housing 44 and sctvc 
to transmitmovement andforces between the hoxising 44 and the shaft 60. This arrangement is similar 
to that used inplunge type CV joints which will be famihar to those skilled in the art of automotive 
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technology. Since the shaft 60 is splined to the suspension lever arm 32, torque can be transmitted 
between the lever arm 32 and the upper wishbone 11 through the splines 59, the knuckle 70, steel 
balls 71, and the tracks 51, such that the suspension strut 28 and the wheel 3 are operatively 
connected. 

As mentioned above, the tracks 5 1 in the housing 44 extend only over part of length of the bore 45 
such that an inner region 72 of the bore 45 has no tracks. The shaft 60 canbe reciprocated axially 
withia the bore 57 of the lever aimhub 32A to move the knuckle 70 and the steel balls 71 between 
the position showninFigure 3 and apositioniu which they lie within the inner, trackless region 72. 
In this position the steel balls areno longer engaged in the tracks 51 andhence do not act to transmit 
movement and forces between the housing 44 and the shaft 60. Since no forces canbe transmitted 
between the lever arm 32 and theupper wishbone 1 1 , the suspensionmeans or stmt 28 is operatively 
disconnected from the wheel 3. 

Reciprocal movement of the shaft 60 is effected by means of the piston 64 in the cylinder 62. By 
connectingthechamber 66 to asourceofpressurisedhydraulicflmdviatheport68 and connecting 
the chamber 65 to ahydraulic fluidreservoir viathe port 69, Ihepiston 64 and shaft 60 canbe moved 
to the left (as viewed inFigure 3) until the knuckle 70 and steel balls 71 are in region 72 of the bore 
45 having no tracks and the lever arm 3 2 is operatively discomaected from the upper wishbone 1 1 . 
This canbe considered as aneutral stage in which the apparatus 34' is disengaged. By reversing the 
hydraulic connections to the chambers 65, 66, the piston and shaft can be moved to the right (as 
viewed) until the baUs re-enter the tracks and the lever ann32 is again operati^^ 
the upper wishbone 11. 

Whilst use of ahydrauhc piston and cyhnder actuator is the preferred means for reciprocating the 
shaft 60, this is not essential and any suitable means couldbe used. For example, apneumatic, or 
electromagnetic actuator could be used to reciprocate the shaft 60. 



A second embodiment ofasuspensiondiscomiect apparatus 34" forinterconnectingthe suspension 
lever arm 32 and the upper wishbone 1 1 is shown in Figure 4. A shaft 80 is rotatably mounted 
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between thetwobushes41,42 on the vehicle frame. The inner end 43 of one of the arms llA of 
the upper wishbone 11 and1hesuspensionleveramihub32Aarepivotablymomtedtothes 
between the bushes 41, 42 by means of bores 81, 82. Bearings 83, 84 are fitted about reduced 
diameter end portions 85, 86 of the shaft 80 where it extends through the bushes 41, 42. The 
5 bearings 83, 84 are held in position by nuts 87 and washers 88 mounted on tihoreaded studs 80A 
projecting axiallyfromtheendsoftheshaftSO. The bearings 83, 84 locate thrust washers 89, 90 
on the shaft, holding them in contact with the axially outer end faces of the wishbone arm inner end 
43 and the hub 32A. A further thrust washer 9 1 is located between the axially inner ends of the 
wishbone arminner end 43 and thehub 32A. This arrangement locates the wishbone aim and the 
10 suspensionleverarmaxiallybetween the bushes 41, 42 whilst permitting them to rotate aboutthe 
shaft relative to the vehicle body and, when disconnected, to each other. 

Axially iimer portions 92, 93 of the wishbone arm inner end 43 and the lever arm hub 32A have a 
reduced diameter and are fonned with corresponding splines 92A, 93A. The splined portion 93of 
the lever arm hub 32A is arranged to be about twice the length of the splined portion 92 on the 

15 wishbone aim. Asleeve95 is provided about the splinedportion93 on the lever aim hub 32Aand 
has corresponding splines 96 on an inner surface, as shown in the cross sectioninFiguie4A, which 
drivingly engage with the splines 93A of thehub 32A. When the sleeve is in the position shown in 
Figure4, it is in engagement only with the splines 93A on the suspension lever arm hub 32Aso that 
the upper wishbone 1 1 and the suspension lever arm 32 are free to rotate about the shaft 80 

20 relative each other. Thus the suspension lever arm 32 is operatively disconnected from the upper 
wishbonell. 

Whenthesplrnes92A,93Aontheupperwishbonell and the suspension lever arm hub 3 2A are 
in alignrnent, the sleeve 95 can be moved to the left (as viewed) so that the splines 96 in the sleeve 
95 engage partly with the splines 92A on the wishbone andpartly with the splines 93A on the 
25 suspeDsionleverannhub 32A. In this position the collar 95 locks the upper wishbone arm 1 lAand 
the suspensionlever arm 32 together so that torque can be transmitted between tiiem, operatively 
connecting the wheel 3 to the suspension strut 29. 
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The tenn "spline" as used herein shoidd be und^ encoiiq)ass any suitable, elongatedrive 
formations that would enable drive to be transroittedbetween the sleeve 95 and the inner, or drive, 
portions 92, 93 of the wishbone ann inner end and the lever arm hub 32, whilst enabling the sleeve 
to move axially relative to the driveportions. For example, the sleeve 95 and the drive portions 92, 
5 93 couldbeprovidedwith"splines"inthefonn of inter engaginggeartee^ 

is preferred that the sleeve 95 and the driveportions 92, 93 areprovided with corresponding spline 
formations, any other suitable drivemeans can beprovidedbetween the sleeve 95 and the drive 
portions 92, 93. For example, the portions 92, 93 could have a non-circular profile, square or 
hexagonal for example, and the sleeve 95 canbeprovidedwithacorrespondingly shaped bore such 
1 0 that torque can be transmitted between the sleeve and the drive portions 92, 93 . 

Reciprocal axial movement of the sleeve 95 to comect and disconnect the lever arm 32 and the 
upper wishbone 11 canbe effected by any suitablemeans. In thepresentembodime^^ 
by means of ahydrauHc actuator having a cylinder 97 and apiston 98 which divides the cylinder into 
two chambers 99, 100, one on either side of the piston. The piston is connected to the sleeve by 
15 a selector shaft 101 attached to a lug 102 on the sleeve 95 by means of a clevis pin 103. By 
appropriately connecting oneor other ofthe chambers 99, lOOtoasourceofpressurisedhydraulic 
fluid and the other chamb^ to ahydrauHc fluidreservoir, thepiston canbe selectively moved to the 
left or right (as viewed) to comiect and disconnect the suspension lever arm 32 and the upper 
wishbone 1 1 as required, thus engaging and disengaging the apparatus 34". 

20 A third embodiment ofthe apparatus 34"' is diown in Figure 5. A shaft 105 is rotatably moimted 
in the bushes 41, 42 on the vehicle fiame. The inner end 43 of one of the arms 1 lA ofthe upper 
wishbone 11 and the hub 32Aofthesuspensionleverarm32arepivotablymounted to the shaft 
1 05 between the bushes 41 , 42. A first set of drive teeth 1 06 areprovided on an axially inner face 
107 ofthe inner end 43 ofthe upperwishbone ami UAandacorrespondiagsetof drive teeth 108 

25 are provided on an axially inner face 1 09 ofthe hub 32A of the suspension lever arm 32. The 
arrangemCTt is such that the mner end 43 of the upperwishbone arm 1 lAis axially fixedrelative to 
the shaft 105, whilst the hub 32A ofthe lever arm is adapted to shde reciprocally along the shaft so 
that the teeth 106, 108 can be brought iato andout of engagement with each other to operatively 
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connect the suspension lever aim 32 with, or disconnect the suspension lever arm from, the 
wishbone arm 11 A. 

The shaft 105 has first and second regions lOSAand 105B at either end which have a relatively 
small diameter and whicharereceivedinthebushes41, 42. Afhirdregion 105C adjacentthe first 
5 regiaal05Ahasaslightlyenlaigeddiameter,whilstafourfliceDtralregion 105D between the third 
105C and the second 105B regions has an even larger diameter. 

Theinner end43 of the iqyper wishbone ann 1 lAisrotatablymountedaboutthethiidregion 105C 
of the shaft 105 wifhits axially inner face 107 incontactwithaflirust washer 110 \nMch itself is in 
abutmentwith an axial fece 111 fonnedbetweenfliethirdiegionlGSCandthe central, fourfliregion 

10 105D of the shaft. The inoner end 43 of the upper wishbone arm 1 1 A is located axially on the shaft 
bymeansofabearing 112 located aboutthe first region 105A of the shaft. TheaxiaUy inner end 
of the bearing 1 12 engages with a fiuiiirarthrust washer 1 13 toholdthethrustwasherincontactwifh 
an axially outer face 1 14 of the inner end 43 of the upper wishbone aim. 1 1 A. Thebearing 112 is 
secured to the shaft by means of anut 1 15 and washer 116 mounted to a threaded stud portion 

1 5 105E on the end of the shaft 1 05. 

The hub 32Aofthe suspensionleverann32 has a bore 1 17 which is adapted to beasliding fit over 
the central, fourfliregion 105D oftixe shaft 105. An ajdally outerportionoftiiebore 117is enlarged 
to form acylinderl 18 located about the second region 105B of the shaft, Apiston 1 19 is mounted 
on the secondregion 1 05B of the shaft and is held in contact with an axial fecel20 formed between 
20 the second and fourthregions 105B, 105Doftheshaftbymeansofafurtherbeaiing 122.As with 
thebearing 121, the further bearing 122 is secured to the shaft 105 by anut 115 and washer 116 
mounted to a threaded stud portion 105E on the end of the shaft. 

A closure member 123 is in threaded engagement with the enlarged diameterportion of liie bore 
117 inthe lever annhub 32A to close the cylinder 118. The closure member has aninnerbore 124 
25 which is a sliding fit about the bearing 122. Seals 125 are provided to seal between the closure 
member 123 and thebearing 122toprevaathydraulicfluidleakingfromthecyhnder 118. Thepiston 
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119 divides the cylinder 118 into two chambers 126, 127 andports 128, 129 are provided iiithe 
hub 32 A to allow each of the chambers to b e selectively connected to either a source of pressurised 
hydrauUc fluid or to a hydraulic fluid reservoir. 

Figure 5 shows the apparatus 34™ withthesuspensionleverann 32 and the i^per wishbone arm 
5 1 1 A operatively disconnected, i.e. with the ^aratus 34'" disengaged. In this position the lever arm 
32 is atits extremerighthand(as viewed) position with thedrivingteeth 106, 108 disengaged so 
that the upper wishbone is able to pivot about the shaft 1 05 relative to the suspension lever arm 32. 
By connecting the chambief 126 to a source of pressurised hydraulic fluid and the chamber 127 to 
ahydrauKcfluidreservoir, the suspensionleverarm32canbe moved axially to the left(as viewed) 
10 alongtheshaftl05toengagethedriveteethl06,108witilieachother.Whenthedriveteethl06, \ 
108 are engaged they lock the vspper suspension linkage 1 1 and the suspension lever arm 32 
together forrotationaboutthe shaft 105 audits axis 56. In this position torque canbe transmitted 
between the upper wishbone 1 1 and the suspension lever arm 32, operatively connecting the 
suspension stnit28 to the wheel 3. The driving teeth canbe disengagedby reversing thehydrauHc 
15 connections to the chanibers 128,129tomovethesuspensionleverarmtotheright(asviewed)to 
return it to the position shown in Figure 5. 

Toensure that thehub32Ais able to sUde freely on the shaft 105,an elasticated orneoprene boot 
130 can be provided between the hub32A and the inner end43 oftheupperwishboneann llA 
to prevent water and dirt from coming into contactwiththe central, fourfhregion 105D of the shaft 
20 105. 

/In this embodiment, the axial movemait of the suspension lever armmustbe accommodatedby the 
suspension stmt 2 8 . To that end the stmt 28 maybe mounted to the lever ami and/ or to the vehicle 
body using compUant bushes. 

Figure 6 shows an embodiment of a retraction disconnect apparatus 3 8 for intCTConnecting the 
25 retractionlever arm 37 andthelowerwishbonel2. Ashaft 131 ismoiintedbetweentwobxishes 
132, 133 attached to afiame 134 ofthe vehicle body. An inner end 135 of one of the arms 12A 




P01826UK 20030724 SpajAsHled-wpd jy 

of the lower wishbone and the inner end 3 7 A of the retraction lever ann 3 7 are rotatably mounted 
to the shaft 131 between flie bushes by means of bores 136, 137. 

Aclutch 138 is connectedbymeans of flanges 139, 140betweenthelowerwishboneann 12Aand 
theretractionlever 37 . Theclutchis ad^ted to transmittorqne between the lowerwishbone ami 
5. 12A and the retraction lever arm 37 when it is engaged, to operatively connect the hydraulic 
retraction actuator 35 to the wheel 3 . When the clutch 138 is disengaged, the lower wishbone arm 
12A and the retraction lever arm 37 are free to pivot about the shaft 130 relative to each other. 

Any suitable clutch 138 can be used, provided it has sufficient capacity to transmit the forces, 
required to move the wheel between the protracted and retracted positions. Since the detailed 
10 constructionof1heclutchl38isn6tafeatureofthepresentinvmti^ 

particularlypreferred embodiment the clutch 138 is apneumatic clutch such as model No. 5H30 
which can be obtained fromNexen Group, Inc., 560, Oak Grove Parkway, Vadnais Heights, MN 
55127, USA. This clutch requires 80psi airpressureto anintemalactuatingpistonandisratedto 
transmit 210Nm. 

15 Theassemblyoftheinnerends 135, 37A of the lower wishbone arm 12A and the retraction lever 
arm37 and theclutchl38isaxially located ontheshaftbymeansofbearings 141 located about 
reduced diameter endportionsofthe shaft 130. The bearings 141 are securedto the shaft by nuts 
142 and washers 143 mounted to threaded spigots 13 lA at the mdsofthe shaft and hold thrust 
washers 144 in contact with respective axial end faces 145, 146 of the lower wishbone arm 12A 

20 and the retraction lever arm 3 7. 

It will be appreciated that the apparatus 3 8 described above could be adapted for use as apparatus 
34 for connecting and disconnecting the suspension lever arm 32 andtheupperwishbone 11 by 
incorporating a clutch capable of transmitting the suspension forces. 

25 Operation of the suspension and retraction apparatus 20 when an amphibious vehicle enters and 
leaves the water will now be described. 
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As a vehicle approaches the water, the wheels 3 wiUbeintheprotractedpositionandfhe suspension 
disconnect apparatus 34willbe engaged so as to operativelyconnectthe suspension strut 29 with 
the upper wishbone 11 andthewheelS. Hence suspensionloads will be transmittedbetween the 
wheel aad the suspension strut through the wheel support 16, the upper ball joint 22, the upper 
> wishbone ll,andthesuspensionleverarm32.Atthisstagetheretractiond^ 

is disengaged so that the retraction lever arm 37 is operatively disconnected jfrom the lower 
wishbone 12. 



As the vehicle enters the water, the load comes off the suspension and the wheel 3 droops. When 
the suspension is fully unloaded, the suspension disconnect apparatus 34 can be disengaged to 
10 operativelydisconnectthesuspeDsionlevQ:aim32fromtheupperw^ Theretractionlever 
arm 37 can thenbe operatively connected to the lower wishbone 12 by engaging the apparatus 3 8, 
wMchin&e present embodimentis the pnemnatic clutch 138. The hydraiaHc^ can then 

be activated to move the wheel to the retracted position, with the suspension strut 28 remaining ia 
the road use position. 

1 5 Although in the embodiment described above, the apparatus 34 is disengaged to operatively 
disconnect the suspension lever arm 32 from the upper wishbone 1 1 before the retraction lever is 
connected to the lower wishbone 12, this need not be the case. In certain circumstances it maybe 
desirableto connect the retraction lever arm 37 to the lower wishbone 12 before disconnecting the 
suspension lever arm 32 from the upper wishbone 11. 



20 Ifrequired, means maybeprovidedtopreventthesuspensionstrat28 from extending when the 
suspension lever arm 32 is disconnected from the upper wishbone 1 1 . For example, a hmitingrod 
may beprovided or the length of the damper may be designed to prevent over extension of the stmt 

Whenthevehicleistoleavethewater,theaboveprocedureisreversed. The hydraulic actuator 35 
is extended to move the wheel to the protracted position. Once the wheel is frilly extended the 
25 retractionleverarm37isdisconnectedfromthelowerwishbone 12 bydisengaging apparatus 38 
and the suspeosionleverann32connectedto the t5)per wishbone 11 by engage 
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Once the suspension means 28 lias been reconnected to the wheel 3, the vehicle canbe driven 
towards the land and out of the water. 

In certain circumstances itmaybe desirable to engage the ^aiatus 34 to reconnectthe suspension 
lever arm 32 to the upper wishbone 11 before the apparatus 38 is disengaged. It may be 
advantageous, for example, to use theretraction actuator 35 to ensure that the upper wishbone 1 1 
andflie suspension lever arm 32 areheldinpredetenninedielativepositions to enable the apparatus 
34 to be engaged. 

lathe above described embodiment of the wheel suspension and retraction ^aratus 20, themain 
suspensionloads aretakenbetweentheupperwishbone 1 1 andihe wheel siqiport 16 viaihe upper 
balljomt22. However, inorderto aUowthe wheel 3 to be retracted and to also allow for steering 
movementitisnecessaiyforfheTqjperballjointto bepositionedhorizontaUy. This airangementmay 
not be suitable for handlinghigh suspension down forces. Figure 7 shows a further embodiment of 
awheelsuspensionandretractionapparatus 20' for an amphibious vehicle 1 in which thisproblem 
is avoided by connectingboflithe suspensionmeans 28 and the retraction actuator 35 to fee lower 
wishbone 12. 

The apparatus 20' is similarto the apparatus 20 in that it comprises awheel support 16pivotably 
connected to the vehiclebodybymeansofupper 11 andlower 12 wishbones. The apparatus 20' 
differs in that both the suspension strut 28 and the retraction actuator 35 are arranged to be 
selectivelyconnectabletooneoffheaims 12Aofthelowerwishbone 12bymeansof ^aratus 
indicated generally at 150 "w^ch is incorporated into oneoftheinboardpivots27 that connects tiie 
lower wishbone 12 to the vehicle body. 



The apparatus 150, which effectivelyis aco-axial suspension andretraction disconnect ^aratus, 
canbeseenbestinFigureS. Ashaft 151 is rotatablymounted in three bushes 152-154 attached 
to aframe 155 ofthe vehicle body. Theinner ends 156, 32Aof oneof the arms 12Aofthe lower 
wishbone 12, and ofthe suspensionleveraim32respectivelyaremounted to Iheshaflbetweena 
first 152 andasecond 153 ofthebudies.Thelower wishbone arm 12A is fixedrotationaUyfast with 
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the shaft 151 by means of akey 1 80, whereas the inner end 32A of the suspension lever arm is able 
to rotate about the shaft. Suspension discoimect apparatus, indicated generally at 1 57, is provided 
to selectivelylocktheiimer end 32Aofthe suspension lever arm to the inner end 156 of the lower 
wishbone arm 12A for rotation together about the shaft 151 and its axis 56. 

5 In the present embodiment, the suspension discoimect 157 is similar to the apparatus 34" described 
above inrelationto Figure 4. To this end corresponding splines 160, 161areprovided on the lower 
wishbone arm 1 1 and the suspension lever arm 32 and an intemally splined collar 1 62 is axially 
movablebetweenthepositionshowinFigure 8 in wMchit engages only with the ^ 161 ofthe 
suspension lever aim 32, and apositioninwhichit engages with the splines 160, 161 on both the 
1 0 suspension lever arm 3 2 and the lower wishbone arm 1 2 A to lock the two together. Movement of 
the collar is effected by means of a hydraulic actuator 1 63 which is connected to the collar 1 62 by 
means of a selector shaft 164 and a clevis pin 165. 

An inner end 37A of the retraction lever arm 37 is rotatably mounted to the shaft 151 between the 
second 153 and the third 154 ofthe bushes by means of abearing 166. The housing 167 of a 
1 5 pneumatic clutch 168 is attached to a flange 169 on the retraction lever arm 37 bymeans of a series 
ofbolts 170 so as to rotate with the lever arm 37. An output hub (not shown) ofthe clutch is fixed 
rotationally fast with the shaft 151 bymeans of akey 171 suchthatwhentheclutch 168 is engaged, 
the iimer end 37A of the retraction lever arm 37 is locked rotationally fast with the shaft 151 

Bearings 172-174 and thrust washers 175-179 serve to locate the inner end 156 ofthe lower 
20 wishbone arm 12A, the inner end 32A of the suspension lever arm 32, the inner end 37A of the 
retraction lever arm 37 and the clutch 168 axially on the shaft 151. 

Operation of the wheel suspension and retraction means 20' will now be described. When the 
vehicle is used on landpivotalmovement ofthe lower wishbone 12relative to the vehicle body, due 
for exan^le to thewheelS going over bumps inaroad surface, is transmitted to the shaft 151 via 
25 thekey 180. The suspension lever arm 32 is rotationally locked with the lower wishbpne arm 12A 
bythe splined coUar 162 whichis moved to the left (as viewed inFigure 8) so as to engage withthe 
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splinesl60, 161 onbothlJie lower wishbone ann 12Aandthesuspeiisioiileverami32. Torque is, 
therefore, transmitted between the suspension lever arm 32 and the lower wishbone 12 to 
operativelycomiectthe suspension strut 28 with the lower wishbone 12 and hence the wheel 3. At 
this stage, Ihepneumatic clutch 168 is disengaged so that lever ann37canpivotabout1he shaft 151 
5 to isolate the retraction actuator 3 5 fiom the lower wishbone 12. 

Whrai the vehicle enteas Ihe water, the mass of the vehicle is takenby the water reducing the load 
on the suspension andallowingthe wheel 3 to droop. When the load on the suspension has been 
fully removed, the coUar 162 ismovedtotheright(asvi€wed)tothepositionshowninFigure8in 
which thespUnes in thecollar are in engagementwith the splines 161 onthesuspensionleverarm 
10 32only. Ihthisposition,thesuspensionleverann32isfieetopivotabouttheshaft ISlielativeto 
the lower wishbone arm 12 and the suspension strut28 is operatively.discomiected fiom Ihe lower 
wishbone 12 and the wheel 3. To retract the ^eel 3, thepneumatic clutch 168 is engaged locking 
theretractionlever arm 37 to the shaft 151. The hydraulic ram 35 can thenbe activated to pivotthe 
retractionlever arm 37 turning the shaft 151 via the pneumatic clutch 168 andkey 171. The lower 
15 wishbone 12, wMchisn)tationaUyfestwi1h1heshaft 151 wiUthenbepivotedupwardlyielativetb 
the vdiiclebodyto movethe whe.el3 to theretractedposition. Thepneumatic clutch 168 maybe 
engaged either before or aftarthe suspensionlever ann 32 is disconnected fixMn the lower widibone 
12 as required. 

When the vehicle is to leave the water, the retcaction actuator 35 is extended with the clutch 168 
20 engagedsopivotingthelowerwidibQnedownwaidlyreMvetolhevdbdclebodytomovethewheel 
3 to the protracted position. When the wheel is fully lowered, thepneumatic clutch 168 can be 
disengaged and the suspension stmt 28 re-connected by moving the splined coUar 162 to the left (as 
viewed) to again lock the lower wishbone arm 12A and the suspension lever arm 32 together. 

Depending on the specific design of the suspension arrangement, itmaybepossible forlhe clutch 
25 168 to bedisengaged when the wheel is inlhefeDyretractedposititmwilhoutthewheelmovingbac^ 
to theprotractedpositioa In such an arrangement, it will be necessary to re-engage the chitch 168 
when it is desired to lower the wheel to the protracted position. 



• 
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22. 



Whereas the invention has been described in relation to what ispresently considered to be the most 
practical and preferred embodiments, it is to be understood that the invention is not limited to the 
disclosed arrangements but rather is intended to cover various modifications and equivalent 
5 constructions included within the spirit and scope of the invention. For example, the susp ension 
means need not be a strut comprisiug a coil spring mounted about a telescopic hydraulic damper but 
couldbeof any suitable form. The suspensionmeans could, for example, be in the form of atorsion 
bar and damper or ahydropneumatic suspension system. Furthermore, the retraction actuator need 
not be a double acting hydraulic ram but could comprise a pneumatic actuator, a screw driven 
10 actuator, or indeed any suitable form of actuator. 
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1 . An amphibious vehicle having awheel mounted to abody of the vehicle so as to be movable 
fix>m aprotracted position, for use of the vehicle onland, to aretractedposition, in which 
the wheel is stowed for use of the vehicle on water, the vehicle further comprising a 
suspension means to absorb shocks from the wheel during land use and aretraction means 
for moviug the wheel between the protracted andretractedpositions, characterised in that 
the suspensionmeans can be operatively disconnected fiom the wheel when the wheel is to 
be retracted. 

2. An amphibious vehicle as claimed in claim 1, in which the retraction means can be 
operatively disconnected from the wheel when the wheel is in the protracted position. 

3 . An amphibious vehicle as claimed ia claim 1 or claim 2, ia which Ihe wheel is mounted to 
the body of the vehicle by means of one or more suspension linkages, the vehicle further 
comprisiag suspension disconnect apparatus for operatively connecting the suspension 
means to, or operatively discoimectingthe suspensionmeans from^ oneofthe suspension 
linkages. 

4. An amphibious vehicle as claimed in claim 3, in which the suspensionmeans is operatively 
connected to one end of a suspension lever arm, the other end of the suspension lever arm 
being operatively connectable to said one of the suspension linkages by the suspension 
disconnect ^paratus. 

5. An amphibious vehicle as claimed in claim 4, in which the said one of the suspension 
linkages and the lever arm are mounted to the vehiclebody forpivotalmovementrelative 
to the body about an axis, the suspension disconnect appeacatas comprising means movable 
between a first position in which the said one of the suspension linkages and the suspension 
lever arm are locked so as to pivot together about the axis and a second position in which 
said one of the suspension linkages and the suspension lever arm are free to pivot about the 
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axis relative to one another. 

6. An amphibioiis vehicle as claimed in claim 5, in which the suspension disconnect apparatus 
comprises abore in one of the said one of the suspension linkages or the suspension lever 
arm, the bore having anumber ofball receiving tracks formed over apart of its length, a 
shaft slidably mounted to the other of the said one of the suspension linkages or tiie 
suspensionlever arm, the shaftprojecting into the bore and having aknuckle about which 
are mounted aplurahty ofballs, the shaft being movable from a jBrstpositionin whichthe 
balls are engaged in the tracks to lock the said one of the suspension linkages and the 
suspensionlever arm together for pivotal movement about the axis and a second position 
in which the balls arenot engaged in the tracks and the said one ofthe suspension linkages 
and the other end of the suspensionlever arm are free to pivot about the axis 

another. 

7. An amphibious vehicle as claimed in claim 6, in which the suspmsion disconnect apparatus 
comprises an actuator to move the shaft between the first and second positions. 

8. Anamphibious vehicle as claimed in claim 7, in which the actuatoris ahydraulic actuator. 

9. An amphibious vehicle as claimed in claim 5, in which the said one ofthe suspension 
linkages and the suspension lever arm have adjacent drive portions, the suspension 
disconnect^paratus fiirfher comprising asleeve having drive means for cooperation with 
corresponding drive means on the driveportions, the sleeve being movable from afirst 
positioninwhichitis in driving cooperation withbothofthe drive pordoristo 
one ofthe suspension linkages and the suspensionlever arm together forpivotalmovement 
about the axis, and a secondposition in whichit is in driving cooperation with only one of 
the drive portions such that the linkage and the arm are free to pivot about titie axis relative 
to one another. 
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10. AnamphibioiisveMcle as claimed in claim 9, inwMchlliesleeveisintemally splinedfor 
engagement with corresponding splines fomied on the drive portions. 

11. An amphibious vehicle as claimed in claim 9, in which abore of the sleeve has a non-circular 
cross section for driving engagement with correspondingly shaped profiles on the drive 

5 portions. 

12. AnampMbious vehicle as claimed in any one of claiias 9 to 11, in which the suspension 
discoimect apparatus comprises an actuator to move the sleeve between the first and 
second positions. 

13 . An amphibious vehicle as claimedin claim 12, in whichihe actuator is an hydraulic actuator. 

10 14. An amphibious vehicle as claimed ia claim 5, in which the said one of the suspension 
linkages andthe suspension lever arm have corresponding drive teeth, the suspension lever 
arm being movable between a first position in which the drive teeth are engaged so as to 
lock the said one of the suspension linkages and the suspension lever arm together for 
pivotal movement about the axis, and a second position in which the drive teeth are 

15 disengaged such that the said one ofthe suspension linkages and the suspension lever arm 

are firee to pivot about the axis relative to one another. 

IS. Anarnphibiousvehicle as claimedin claim 14, inwhichthesuspejosion disconnect ^paratus 
comprises an actuator to move the suspension lever arm between the first and second 
positions. 

20 16. An amphibious vehicle as claimed in claim 15, in which the actuator is ahydrauhc actuator. 

1 7 . An aniphibious vehicle as claimed in claim 3 when dependent on claim 2, in which the vehicle 
fijrfher comprise aretraction disconnect 25>paratus for operatively connecting the retraction 
means to, or operatively disconnecting the retractionmeans firom, one ofthe suspension 




• 
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linkages. 



10 



15 



20 



18. An ampMbiousveMcle as claimed in claim 17, inwhichtheretractionmeans comprises a 
retraction actuator operatively connected to one end of aretraction lever arm, the other end 
of the retraction lever arm being operatively coimectable to said one of the suspension 
linkages through the retraction disconnect apparatus. 

19. An amphibious vehicle as claimed in claim 1 8, in which the said one of the suspension 
linkages and the retraction lever arm are mounted to the vehicle body for pivotal movement 
relative to the vehicle body about an axis, the retraction disconnect apparatus comprising 
means for locking the said one of the suspension linkages and the retraction lever arm 
together for pivotal movement about the axis. 

20. An amphibious vehicle as claimed in claim 19, in which the retraction disconnect apparatus 
comprises a pneumatic clutch. 

21 . An anqjhibious vehicle as claimedinclaim20, inwhichtheclutchinter-connectsthe said one 
of the suspension linkages and theretractionlever arm such that when the clutch is engaged 
the said one offlie suspension linkages and the retraction lever aim are locked together for 
pivotal mov^ent about the axis and that when the clutch is disengaged, the said one of the 
suspension linkages and the retraction lever aim are jfree to rotate about the axis relative to 
one another. 

22. An amphibious vehicle as claimed in claim 20, in which the said one of the suspension 
linkages is rotationally fast with a shaft, thepneumatic clutchhaving afiist component which 
is also rotationally fast with the shaft and a second component attached so as to be 
rotationally fast with the retraction lever arm, the clutch being adapted such that when it is 
engaged the first and second components are rotationally fast so as to lock the said one of 
the suspension linkages and the retraction lever arm together forpivotal movement about the 



axis. 
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23. An amphibious vehicle as claimed in anyprevious claim, in which the \Aiieel is connected to 
the vehicle body by an upper suspension linkage and a lower suspension linkage. 

24. An amphibious vehicle as claimed in claim 23, in vrfbich the suspeusionmeans is connectable 
to the upper suspension linkage. 

5 25. An amphibious vehicle as claimedin claim 23, in which the suspensionmeans is connectable 
• to the lower suspCTsion linkage. 

26 . An amphibious vehicle as claimed in claim 24 or claim 25 , in which the retraction means is 
connectable to the lower suspension linkage. 



27. An amphibious vehicle as claimedin anyprevious claim, in which the suspensionmeans 
1 0 comprises a strut having a coil spring mounted about a telescopic hydraulic damper. 

28. An amphibious vehicle as claimed in anyprevious claim, in which the retraction means 
comprises a double acting fluid ram. 

29. AjaampMbiomveMcleasclaimedinanyof claims lto27,inwhichtheretractionmeans 
comprises an electrically driven ram. 

15 30. An amphibious vehicle substantially as hereinbefore described, withreference to andas 
illustrated inFigures lAto IC and Figure 2, when modified in accordance with any one of 
Figures 3 to 5 and Figure 6, or as Illustrated inFigures 1 A to 1 C andFigures 7 and 8 of the 
accompanying drawings. 



t r 
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Abstract 



Amphibious Veliicle with Disconnectable Retractable Suspension (fig. 7) 

Anamphibioiisvehicle(l,fig.l)wheelsiispension20'cx>mpri^ 12; 
road suspensionmeans 28; and aretractionmeaas 35 formovingthe wheelbetween aprotracted 
5 position for road use, and a retracted position for marine use. Suspension means 28 can be 
operatively disconnected from the wheel and/or the linkages to allow for retraction and protraction. 
Retractionmeans 35 may also be disconnected for road use. The disconnection mechanisms may 
comprise aball and track mechanism (34', fig. 3), interlocking splines (92A, 93 A, 96, figs. 4 and 
4A), interlockmg teeth (106, 108, fig, 5), or a pneumatic clutch (13.8, fig. 6). Fig. 8 shows a 
1 0 • combination of splines 1 60 and 161 for suspension lever arm 32, and pneumatic clutch 1 68 for 
retraction arm 37. Suspensionmeans 28 maybe connected to upper linkage 1 1 (fig. 2). Coil, torsion 
bar, or hydropnemnatic springs may be used. 
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